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(54) Method for reinforcing structural members 

(57) A method for reinforcing a selected portion of a 
structural pan (28) utilizes a flexible tube (20) having an 
unexpended, preferably thermally expandable resin 
sheath (22). The sheath may be limited to a selected 
region along the length of the flexible tube. The flexible 
tube is inserted through a curved passage (30) and con- 
forms to Uie geometry of the part to be reinforced (28). 



After the portion of the tube having the sheath (22) 
reaches the desired location, the tube is secured In 
place. Upon heating, the resin (22) expands to several 
times its original volume and fills the structural cavity 
(30) only at that region. The structural part (28) may be 
part of a motor vehicle, for example an A-pillar joint, or 
a seat frame, or a roll-bar. 
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Description 

The present invention reiates generally to the reinforcement of hollow structural members and more specifically 
deals with reinforcement of structures having enclosed regions that present special access problems. 

In recent years, a number of factors have necessitated fundamental changes in the approach to automotive struc- 
tural design. These include the need to meet evernnereasing impact resistance and fuel economy standards and the 
need to produce a competitively priced vehicle in a global marketplace. At times, these requirements are seemingly 
at odds with one another. For example, impact resistance can in most cases be achieved simply by increasing steel 
thtcicness or through the use of high strength steels. These approaches, however, generally increase vehicle weight 
and/or cost Although light-weight resins are available which can be used to fill entire hollow cavities of structural 
members to provide greater strength, these materials are expensive and thus their use in great quantities undesirably 
increases vehicle cost. 

The present inventor has pioneered a novel approach to structural part reinforcement through localized reinforce- 
ment of critieai regions using microsphere-filled thermally expandable resins, such as: a composite door beam which 
has a resin-based core that occupies not more than one-third of the bore of a metal tube; a hollow laminate beam 
characterized by high stIffness-to-mass ratio and having an outer portion which is separated from an inner tube by a 
thin layer of stnjcturat foam, a W-shaped carrier insert reMorcement which carries a foam body for use in reinforcing 
a hollow beam: a bulkhead that utilizes a thermally expandable foam to provide locaiized reinforcement of a rail for the 
attachment of an engine cradle or the like. . 

Although these techniques are well suited for a number of applications, there exists a need for localized reinforce- 
ment of regions having special access problems. More specifically, in a number of hollow stnictural parts the member 
has an enclosed region or space which Is located some distance from the opening of the space and is difficult to reach 
due to a curvature or bend in the member. In some instances the member and the channel which it defines have an 
irregular geometry that makes access to a particular internal region difficult. Of course, in some Instances it may be 
possible to simpfy fill the entire structure with a liquid resin which is then cured, but as stated above, this approach 
may be prohibitively expense in a number of applications. Acconjingly. there is a need for an alternative method of 
providing localized reinforcement of such parts. The present invention provides a solution to this problem. 

It is an object of the present invention to provide a method of providing a local reinforcement in a region of a hollow 
structural part which is difficult to reach using conventional techniques. 

It is a further object of the present invention to provide a method of introducing a localized resin reinforcement in 
a structural part where the region to be reinforced is beyond a curvature in a channel. 

tt;is stil) a further object of the present invention to provide a method of centralizing a resin reinforcement in a 
hollow structural part In a region which is difficult to access. 

In one aspect the present invention provides a method of reinforcing a part in a localized region. The method 
includes the steps of providing a flexible member having a length substantially greater than its width; covering at least 
a portion of the flexible member with a themiaily expandable resin; and Inserting the flexible member into the cavity of 
a hollow stnictural part. The insertion step includes the step of bending the flexible member to accommodate the 
geometry of the part cavity. The resin is then thermally expanded such that the resin is bonded to the structural part. 
In this manner, localized reinforcement can be achieved for any number of parts whose internal geometry would make 
it difficult or impossible to reinforce using conventional techniques. 

In one aspect, the flexible member is a tube around which the resin is applied as a layer or coating. The resin- 
coated tube is then inserted in the structural part and bends as pressure is applied such that it can be fed into the part 
cavity. i.e. it conforms to the desired shape as rt is inserted into the part 

In one aspect, the resin includes a blowing agent and glass microspheres. After the flexible member Is in place in 
the part, the part is heated, for example after installation in a motor vehicle, to a temperature sufficient to activate the 
blowing agent and thermally expand the resin. As the resin expands it bonds to the inner walls of the part forming a 
tube-jn-tube type structure\vith high strength characteristics. 

In one aspect the thermally expanded resin includes, in parts by weight from about 40% to about 80% resin, from 
about 10% to about 50% microspheres, from about 0.5% to about 5% blowing agent, from about 1% to about 15% 
filler, from about 0.5% to about 2% accelerator and from about 1% to about 8% curing agent 

In still another aspect, the flexible member includes one or more stand-offs which space it from the inner w^.lls of 
the stnictural part. 

These and other aspects, features and objects of the invention will be more fully described in the following detailed 
description of the prefen-ed embodiments of the Invention with reference to the drawings. 
Rgure 1 illustrates a resin support tube used In the method of the present invention. 

Figure 2 illustrates a skis elevational view partly in sectkan showing the position of the unexpended resin on the 
resin support tube. 

Rgure 3 Illustrates another resin support tube with a covering of unexpended resin. 
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Rgure 4 depicts a curved stfuaural member in cress^eetnn to reveal tha ra<m — . . 
expansion of the resin. f>^^ 

Rgure 5 dapias the cuwedstrucluraJ member of Rgure 4 In ciQss-saejfnn rm,— i- ... 
anmtemalreintoreemenL ""^^^^^^fo"- feveaJing the expanded resin fomiing 

* Rgure 6 is a fnmt view of a resin support tube having radial stand-offs for usa ■» . • 

Rgure7lsanendv,ewofthe5upporttubeofRgur96hthecSJ«tof 

Rgure fl depicts a cuwedstmctural member in cross^ection ravaalino tha • . 
of the standoffs. ^""^•"*«"'"9"'«"n«pandedre8in and the placement 

Referring to Rgures 1 and 2 of the drawings. flexOsIe member or tuba 20 is «hnu« u*.--^ 
« unexpanded resin sheath 22. RexiUe member 20 is most prefe^V a ^ ^ «"PP°« 

electrical w,ring23. VWous flaxible conduits wiO b^S^'SSe^taSraTc^^^ used as a conduit for 
conduit Is a metalDc spiral tube Which can be flexed Without meS^ef^Z 

it may not be necessary for tube 20 to be round In cnsss section ^^ZrZj . conetniction. Of course, 
be suitable. Where Sle member 20 is SS^^STv^S^^^S!^ as square or oval may 
« teveawaBthictoessoffromabout.5toabouri^Te^J^^^ 

but wiU typicalV be from about 8 to ^ '^^^1^Tjl7,Z^^. ZTT"- 
preferab V 200 mm in most automotive applications. In ? '^l^, 

l»nit during placemem In the stnjcture to be reinforced InaddShM^M^ 

be used which is essentially spring biased in position m ttelmSa^^ * ^'^'^ " «" 

'0 particularly since it providii I "^tweight stS^ STb.^'J^^^ 

rods or tubes, rather than metal, as tuba 20 in some appliS,r^ also be used It may b« desiiabla to use plastic 

The length of tube 20 Is a function of the distance to the sua lobflreMfaiB«rtfr«««k- :v 
Of tube 20 is greater than its dlamatar or.«idth and In rrJ^Z^i^^^Tt^^^r^S'^rV^, 
may be 20 times and often more than 100 times longer thiis SJLrrj^^iJZ?^^ 
» 20 w>II have a length of from about SO to about 200 mm AteoTaJme a^i!!^' ^ aPP"«tton8. tube 
subs^talV all Of tube 20a. shown as a spiral conduitrRiJeV^LS^ 

Hesin sheath 22 in most applicatnns will be a lavar Avt anHinn lu 
usually b. Of relative^ uniforZickness. tor e^e ^TsZ T^:"""^ ^ ^ 

sheath 22 can be prepared by die cutting a sheetolTesin STStl^ ge^et^ 
around tube 20. AltematlveV. the coating may be molded on the cSrieraS^^^^ 

of coating, such as by spraying or ttie like. ""^^ P°«*""« otherfomis 

The polymer used to fomi resin sheath 22 is a resin based material whch is B«f««hh. .•. 
number of resin-based compositions can be utilized to fom, resJ^Su,^^ wf. expandable. A 

compositions impart excellent strength and stiffness SaTteS^L ^T^TT-'^r'^- ""'"^'^ 
specific reference now to the composition of sheath ^S^J^^e.^ TuT^'?^.!" "'^ "'''S"'- 
pounds per cubicfeettoabout 50 pounds per cubicfeet to rnSwSjhH 

ature and the temperature at whiS, chemLl breakdo«L ^r^musttL^^! S"? J"* '^'^ 
maintains its stnicture at high temperature, typlcair^S"ed iS Jl^ e^^^^^^ 22 
Should be able to withstand temperatures in ^ess of Seo^Ss F^S TrlLT^^T^' ^ 
Also. Sheath 22shouldbeabletowithstandheatsofaboS)Xe^^^^ 

exhibiting substantial heat-hduced distortion or degradation. ^ "^"^ 

In more detail, in one particularly preferred embodonent the theimallv exoanderi etn..»..«i , . . 
inciudesasyntheticre8in.acell-fom,ing agent. andafifler AsyMhateS^cZ^?.^ ? ^ 
. 80 percent by weight preferably from ^out 45 percrtr^b^JS p^^^^ 
50 percent toabout 70 percent by weight of sheSth 22. Mc^J«fe«^^^^^ 
AS used herein, the tem, 'celMorming agenf refers geneTi^ to a^J^u S^^^ 

sheath 22. That is. sheath 22 has a cellular stnrcture. having nurneSfs ceirdtL ^ ■ "^"""^ " 

structure provide, a lowKiensity. high-strength mati^rial. S pS a^^o'^^aMi^^^ "^^ 
agents which are compatible^^e preSllt -e^L i^f^J^Si'S 
whch may be f om,ed of either glass or plastic Gla«, microspheres are SSTpS Z rS"*"' 
agent maycompriseablowingagent which maybe eitherachinical blowing^ celWormmg 
the cell-fomiing agent comprises microspheres or macnsph^eTit «SSs^^^^ 

percentby weight. preferabV from about 15 percent t^«7ei^rgi Z^rl^ "if"* * 

toabout40percent by weight Of the material whichfomissheathS^ai^^^ 

agent, it constitutes from about 0.5 parent to about 5 0 oeroentT;, w«!^f n,!f comprises a blowing , 

4.0 percent by weight, and most preferab V tJnZul° l^Zl 2 S 2 oeil?? "^i"""* ' P*'"^*"' 
fillers include g^s or plastic microspheres, fumed ^l^^^^^^e'^^i;!^ 0,^22. Suitable 

str^dA^^op.ni,er is part.u^, preferred Omermate^n.y.It'^^^^^^^ 
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percent to about 15 percent by weight, preferably from about 2 percent to about 10 percent by weight and most pref- 
erably from about 3 percent to about 6 percent y weight of sheath 22. 

Preferred synthetic resins for use in the present invention inciuda thermosets such as epoxy resins, vinyl ester 
resins, themioset polyester resins* and urethane resins. It is not intended that the scope of the present invention be 

s limited by molecular weight of the resin and suitable weights will be understood by those skilled in the art based on 
the present disclosure. Where the resin component of the liquid filler material is a thermoset resin, various accelerators, 
such as imtdizoles and curing agents, preferably dicyandiamide may also be included to enhance the cure rate. A 
functional amount of accelerator is typically from about 0.5 percem to about 2.0 percent of the resin weight with cor- 
responding reduction in one of the three components, resin. celMonming agent or filler. SImilarfy, the amount of curing 

10 agent used is typicaily from about 1 percent to about 8 percent of the resin weight with a corresponding reduction in 
one of the three components, resin, cell-lonming.agent or filler. Effective amounts of processing aids, stabilizers, col- 
orants, UV absort3er8 and the like may also be included in layer. Thermoplastics may also be suitable. 

in the following table, a preferred formulation for sheath 22 Is set forth. It has been found that this formulation 
provides a material which fully expands and cures a! about 320 degrees F. and provides excellent stnictural properties. 
All percentages in the present disclosure are percent by weight unless othsnwise specifically designated. 



INGREDIENT 


PERCENTAGE BY WEIGHT | 


EPON 82a (epoxy resin) 


37.0 j 


OEH 331 (flexible epoxy resin 


18.0 1 


DI-CY (dicyandiamkJe curing agent) 


4.0 1 


IMIOlZOLE (accelerator) 


0.8 1 


FUMED SlUCA (thixotropic filler) 


1.1 


CELOGEN AZ199 (azodicarbonamide blowing agent) 


1.2 


B38 MICROS (glass microspheres) 


37.0 


WINNORL CALCIUM CARBONATE (CaCOa ^I'l^O 





Referring now to Figure 4 of the drawings, structural part 24 is seen in cross section and defines cavity 26. For 
the purpose of illustration only, structural part 24 is shown here as a portion of an automotive roll bar. Other preferred 
applications are for use in reinforcing top A-piilar joints and seat frames. Structural part 24 has an arcuate or curved 
portion 28 which defines an arcuate portion 30 of cavity 26. Cavities similar to cavity 26. i.e. those which are difficult 
3S to access, are the focus of the present invention. Rexible tube 20 is shown in position In cavity 26 prior to themial 
expansion of the resin. Tube 20 Is bent to conform to the shape of cavity 26. This shaping operation is preferably 
perfomied in place. In other words, flexible tube 20, having resin sheath 22 positioned at a preselected location relative 
to the ends of tube 20. in inserted into cavity 26. As force is applied to tube 20 it moves farther through the passage. 
As it encounters resistance from the inner walls 32, flexible tube 20 bends, thereby 'snaking' Its way through cavity 
40 26, including beyond arcuate portion 30. Alternatively, It may be possible in some applications to bend tube 20 to a 
conforming geometry prior to insening it into cavity 26. Flexible tube 20 is inserted a distance sufTicient to bring resin 
sheath 22 into positun at arcuate portion 28. Once in position, outer end 34 of tube 20 is clamped Into position relative 
to tube 20 with a clamp (not shown) or otherwise fixed in position, if required. 

The cavity 26 is of non-straight linear geometry which could be more complicated than having simply one bend 
4S with its arcuate portion such as illustrated in Rgure 4. Where there are multiple bends or Irregularities a resin sheath 
22 could be provided for some or all of these irregularities, this could be done by providing individual spaced resin 
sections or by providing one or more continuous resin sections which are located at two or more bends. 

Referring now to'Rgure 5 of the drawings, resin 22 is shown in the expanded state. That is, once tube 20 and 
resin 22 are in position in structural part 24, the resin is expanded by heating the entire assembly to a temperature 
so which activates the blowing agent to expand and cure resin sheath 22. In automotive applications that is typicaily 
achieved as the vehicle moves through the paint oven. Resin 22 expands to several times its original volume, preferably 
at least twice its original volume. The expanded resin contacts and bonds firmly to surrounding walls 32 of structural 
part 24. It also cures to form a rigid reinforcement in part 24. In this manner, a minimum amount of resin is used at the 
precise location where reinforcement is required. 
ss Referring now to Rgures 6 and 7 of the drawings, tube 20 is provided with radical stand-off assembly 36 wh^h 

has legs 38, typically two to four in number. As seen in Rgure 8, stand-off assembly 36 serves the function of generally 
centering tube 20 in structural part 24. It may be preferable to make legs 38 somewhat resilient, i.e. it may be desirable 
to allow legs 38 to flex inwardly as tube 20 is inserted into cavity 26. 
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respea to heai expandable /oams and ««th respect tome^^ 
a«^tefl^oaxpansionandtem,8arig« 

S ^ f or support for the Joam. Where aS^S^f "^'"^ *«*^9 nmdity 

oe able to withstand the haat anmii..*.»w .i • Mpandable foam is imaH «,« am^IL ^ "»iuuy 

howsvar ,» f. »lr^ •neountered dunng the heat curina Whan "«*«e member should 

nowever. it » not necessary that the flexible member be able TSh^ ' "^eriais an used 

«»uirementforthefIexiblememberisthalithave6^«JS^^ 'nstead. thebatic?^ 

terexample.touse8sthef.exifalemembern«iri2^ 

l^Id^ "^"^ stmctu^ S2 fleSTm JS'"^ «h.r than metaL It is prefeC 

ipfresr---'"™"-^---^^^^^ 
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11. The method of reinforcing a pan recited in any of the preceding daims, wherein the flexible member is hollow and 
has a wall thickness of from 0.5 to 1 .2 mm. 

12. The method of reinforcing a part recited in any of the preceding claims, wherein the flexible tube is fomied of metal. 
IX The method of reinforcing a part recited in claim 12, wherein the metal is aluminum. 

14. Themeihodofreinforcinga part recited In any of the preceding claims, wherein the flexible member is inelasticaliy 

detomiedpnortothe insertion step, the defomiationbeingsuch that the flexible member conforms to the geometry 
Of ins cavfty. ' ' 

16. The method of reinforcing a part recited in any of claims 1 to 13. wheren the flexible member is shaped during 
the insertion step by contaa with the part. snapea aumg 

16. The method of rahfoieing a part recited in any of the preceding claims, wherein the flexible member is secured in 
ma pan pnor to tne -expansion step. 

'''' ?^erX°i;r.;^^.^^^^^^^^ 

18. The method of reinforcing a part recited In any of the preceding claims, wherein the resin is themiaily expandable 
agent, from 1% to 15% filler, from 0.5% to 2% accelerator and from 1% to 8% curmg agent 

TnT? ^ ^-^ ""''^^'^ "'^^^^ ^^^i" W'e resin is themiaBy expandable 
T^r^^s^T^i'^^Z'J'^' ="'"9 agent. 0.8% imidizcle acceTe^o 

1.1% fumed silica. 1.2% a20dicarbonam.de blowing agent. 37% glass microspheres.^ 

.?hl'";ir°? °! .'""'""'"9 ^ '^"^^'^ P™"ding claims, wherein the flexible member is a hollow 

tube with electncal wiring extending longitudinally therein. 

21. The method of reinforcing a part recited In any of the preceding claims, wherein the cavity is of non-straight linear 

VZT 2^"'"^ "^"^ ^'^ ^"^'^ ""«"9h the cavity until the resin I located 

ax ine oena. 

2Z The method of reinforcing a part recited in any of the preceding claims, wherein there are a plurality of bends and 
the resin IS located at more than one of the bends. u«iMu».ana 

23. Th^ meth^od of reinfoicuig a part recited in any of the preceding claims, wherein the resin is a die cut sheet which 
IS wrapped around the flexible member or is a coating molded onto the flexible member. - - . 

'^L'^'TH. °' '•'"""^'"S « P^'* '""e** ^ P«"ding claims, wherein the flexible member is a spiral 

wrapped tuod. 

25. The method of reinforcing a part recited in any of the preceding claims, wherein the part is a vehicle part the resin 
w thermally expandable, and the resin is expanded in a vehicle paint oven during a painting step. 

26. A method of reinforcing a structural part (24) having a space (26) which is difficult to access due to the geometry 
or the part, comprising the steps of: 

providing a hollow flexible member (20) having a length at least five times its diameter or width- 
coating at least a portion of the flexible member with an expandable resin (22)- 

inserting the flexible member into the cavity of a hollow stnictural part, the inserting step including the step of 
bending the flexible member to accommodate the geometiy of said cavity; 
securing the flexible member in the structural part; and 

expanding the expandable resin such that the expandable resin is bonded to the said structural part. 
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27. A ren/orcedstructtiral part comprising a rigM part (24) havino an si^« ,^ 

with at least one bend, a flexible member (20) located lonoitudinair^^ ^^^i^ °' non^traight linear geometry 
resin layer (22) on said flexible member disposed at said bend^MrJl '""'^"'^9 '^"'"9" "end. a 

wtiich expands when activated, and said resin layer being bxbM^J!^!^^' "''"^ °' 
part at said bend. contact with and bonded to said 

28. The pan of claim 27. wherein part is a vehkiia oart seiaetad tmrr, ts- - 

andaseatframe. *^^'°"'''*9""P«»»«t«n9of aroll^)ar.an A-pilto 

" o"^^rdfe.stt.rs^^ 

cavity in resilient contact with the inner surface oroaSl. "^"9 " ^ 

31. A flexible member (20) having a length greater than its diameter or width «„h ^ ■ 

length is covered with an expandable resin (22). vwdth end wherein at least a portion of said 

32. Aflexiblememberasclaimedlnclaimai further comprising a spacer (36). 
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